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Abstract 
Emissions of global warming gases continue to rise as the world burns ever more coal, oil and gas for energy.  The study 
investigates the nexus between carbon dioxide (CO2) emission per capita and economic growth of energy consumption in over 
the period 1990-2100. To evaluate the impact of CO2 emission on relative variables, this study verifies that there are positive 
long-run relationship among CO2 emissions, Electric power consumption and Energy use. This paper also proves bi-directional 
causality between CO2 emission and electric power consumption (modeling the impact of CO2 emission on output especially in 
Algeria). The policy makers may evaluate exogenous effect to seeking economic growth for global climate warming and to 
formulate energy policies.   
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1. Introduction 
A model is a simplified mathematical representation of a system. In the actual system, many features are likely to be 
important. Not all of them, however, should be included in the model. Only the few relevant features that are 
thought to play an essential role in the interpretation of the observed phenomena should be retained. [1] 
A mathematical model is an abstract, simplified, mathematical construct related to a part of reality and created for a 
particular purpose.[2]
Energy security, the impact of energy use on the environment, fuel prices and fuel poverty are all issues at the 
forefront of public attention. The economics of energy is a vital element which contributes to our understanding of 
these complex issues and influences policy makers’ thinking as energy policy is determined.[3] 
Choosing between economic growth and environmental protection is an emerging dilemma for humans. Global 
warming alters the ecology. Several studies have reported that global climate warming is closely related to CO2
emission produced by human activities. Global warming has emerged as the most prominent environmental problem 
of our times. As such, reducing GHG emissions has become the centre of environmental policies across the globe.  
One of the limitations of this study is that the analysis is at an aggregated level. Different industries have different 
intensities of electricity. To this point, there are few studies that examine the relationship between electricity 
consumption, and energy consumption more generally, and GDP at a disaggregated level and no such panel-based 
studies. It would be difficult to obtain disaggregated data on energy consumption
The relationship between emissions and output has drawn considerable attention in the literature, with most studies 
looking at confirming or rejecting the Environmental Kuznets Curve hypothesis. 
1.1. What is ‘Renewable Energy’? 
Renewable Energy (RE) has been defined, somewhat strictly, as ‘energy flows that occur naturally and repeatedly in 
the environment and can be harnessed for human benefit’. A looser and, arguably, more widely used description 
might be ‘energy produced from a renewable and/or sustainable fuel source’. The characteristics of what qualify, for 
each individual country, as ‘renewable’, ‘sustainable’, or ‘alternative’ Fuels (that is, alternative to traditional fossil 
fuels) under such definitions tend to vary, with certain exceptions being made for sources such as municipal and 
some industrial wastes. 
The most widely recognized forms of RE are, undoubtedly, wind power and hydro power which, despite the major 
advances achieved in technology and output rating over the past decade, have a history that goes back centuries. 
There are, however, various others RE technologies both in use and under development which can, as will be 
explored later, represent solutions that can be both environmentally and economically viable. [4], [5], [6]. 
1.2. Sustainable Development [7], [8] 
Sustainable Development (SD) has been defined in many ways, but the most frequently quoted definition is from 
Our Common Future, also known as the Brundtland Report; Sustainable development is development that meets the 
needs of the present without compromising the ability of future generations to meet their own needs. It contains 
within it two key concepts: 
• The concept of needs, in particular the essential needs of the world's poor, to which overriding priority should be 
given; and 
• The idea of limitations imposed by the state of technology and social organization on the environment's ability to 
meet present and future needs."  
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Fig.1.  A representation of sustainability Showing 
how both economy and society are constrained by 
environmental limits.
Fig.2. Scheme of sustainable development: 
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1.3. Energy Accounting 
Energy balance tables are useful data reporting tools. They allow the researcher to track the total energy required to 
facilitate final consumption by sector and fuel type. 
Raw energy commodities such as crude oil, coal and wet natural gas must typically be converted to some other form 
prior to being marketable to end-users. For example, raw crude oil is generally converted into products such as 
gasoline and heating oil, and wet natural gas is typically processed into natural gas liquids, other potentially useful 
products such as CO2 for carbonation of beverages, and dry natural gas, the latter of which can be consumed 
directly or used to generate electricity. [9] 
The energy conversion industries, such as refining and electricity generation, convert primary energy inputs to 
products for final consumption. Energy balance tables are a means of accounting for the conversion of primary 
energy for final consumption. Fig.3 illustrates the general flow of energy balance tables. Total Primary Energy 
Requirement (TPER) is the quantity of energy necessary to produce the energy for Total Final Consumption 
(TFC). TPER is greater than TFC due to the energy expended in the conversion, transmission and distribution 
activities. Moreover, the difference between TPER and TFC, referred to as conversion and distribution losses, can 
vary across countries depending upon a number of factors, such as which fuels are used and how efficient the 
conversion processes are.  
In less-developed countries, waste and other forms of biomass are often used to provide heat for cooking and other 
purposes. However, there is often no record of a transaction of sale for these forms of non-commercial energy, 
because they are not traded in the same manner as commercial forms of energy such as crude oil, coal and natural 
gas. This can make it difficult to measure consumption accurately. As a result of this deficiency, it is common to 
consider only commercial energy use in empirical studies of energy demand, especially in studies that include 
developing and less-developed economies. 
Note: Total primary energy requirement is the energy required to meet total final consumption. Some 
energy is expended in the energy conversion industries. 
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1.4. Energy Demand in the Long Run: 
Economic structure and technology are critical determinants of energy demand. At the macro level, each influences 
energy intensity, where energy intensity is defined as the quantity of energy consumed per unit of economic output. 
Regarding economic structure, as an economy develops it will generally become more service oriented. To the 
extent that a unit of service output requires less energy input than a unit of manufacturing output, energy intensity 
will decline. Regarding technology, as more energy-efficient capital is deployed, the energy requirements for a 
given level of output decline, thus allowing economic activity to expand without an increase in energy demand. [10]
Empirical evidence supports the notion that energy intensity ultimately growth as economies develops. As an 
example, Fig.4 illustrates the energy intensity for ALGERIA from 1990 through 2100 plotted against per capita 
income in the top graph, and against time in the bottom one. Also indicated is the industrial share of GDP as an 
indicator of economic structure over time. Clearly, the trend in energy intensity is upward, indicating more energy 
consumption per dollar of GDP. 
Source: Nobuo Tanaka, CO2 emissions from fuel combustion». International Energy Agency, Edition 2010 
Fig.4. Trends in energy intensity in ALGERIA (1990–2100). (Forecast until the 2100) 
Indeed, several authors have used econometric analysis to show that the energy intensity of an economy resembles 
an inverted U-shape across increasing levels of per capita income. This arises from structural and technological 
change. 
During the course of economic development, changes in the structure of GDP will lead to rising then declining 
energy intensity. Specifically, industrialization results in large increases in commercial energy use. Then, as 
economies move into the post-industrial phase of economic development, the service sector grows faster than other 
sectors and energy demand grows at a slower rate for given increases in GDP. This pattern is consistent with the 
theory of dematerialization, which is ‘the reduction of raw material (energy and material) intensity of economic 
activities, measured as the ratio of material (or energy) consumption in physical terms to Gross Domestic Product in 
deflated constant terms’.[ 10] 
There are two basic premises of the theory of dematerialization as it pertains to energy (note that the theory was 
originally developed with regard to other raw material inputs). The first is that energy intensity initially increases 
then decreases with increasing GDP. [10] 
The second is that the later in time economic growth occurs, the lower the maximum intensity of use of energy will 
be. These concepts are illustrated in Fig.5. It is important to note here that declining energy intensity does not imply 
that energy demand declines, only that energy demand grows more slowly than output. 






	










 !"#$
238   M. Allali et al. /  Energy Procedia  74 ( 2015 )  234 – 242 
Source: Nobuo Tanaka, CO2 emissions from fuel combustion». International Energy Agency, Edition 2010 
Fig.5. Dematerialization and energy intensity 
2. Environmental Kuznets curve 
Pollution often appears first to worsen and later to improve as countries’ incomes grow. Because of its resemblance 
to the pattern of inequality and income described by Simon Kuznets, this pattern of pollution and income has been 
labeled an ‘environmental Kuznets curve’. While many pollutants exhibit this pattern, peak pollution levels occur at 
different income levels for different pollutants, countries and time periods. This link between income and pollution 
cannot be interpreted causally, and is consistent with either efficient or inefficient growth paths. The evidence does, 
however, refute the claim that environmental degradation is an inevitable consequence of economic growth. [11] 
The environmental Kuznets curve (EKC) is a hypothesized relationship between various indicators of 
environmental degradation and income per capita. In the early stages of economic growth degradation and pollution 
increase, but beyond some level of income per capita, which will vary for different indicators, the trend reverses, so 
that at high income levels economic growth leads to environmental improvement. This implies that the 
environmental impact indicator is an inverted U-shaped function of income per capita. Typically, the logarithm of 
the indicator is modeled as a quadratic function of the logarithm of income.[12]
An example of an estimated EKC is shown in Fig.6. Environmental Kuznets curve for CO2 emissions for Algeria 
(1985-2010).The EKC is named for Kuznets (1955) who hypothesized that income inequality first rises and then 
falls as economic development proceeds. The EKC concept emerged in the early 1990s with Grossman and 
Krueger’s (1991) path breaking study of the potential impacts of NAFTA and the concept’s popularization through 
the 1992 World Bank Development Report (IBRD, 1992). If the EKC hypothesis were true, then rather than being a 
threat to the environment, as claimed by the environmental movement and associated scientists in the past, economic 
growth would be the means to eventual environmental improvement. 
This change in thinking was already underway in the emerging idea of sustainable economic development 
promulgated by the World Commission on Environment and Development (1987) in Our Common Future. The 
possibility of achieving sustainability without a significant deviation from business as usual was an obviously 
enticing prospect for many letting humankind ‘‘have our cake and eat it’’.[12] 
The EKC is an essentially empirical phenomenon, but most of the EKC literature is econometrically weak. In 
particular, little or no attention has been paid to the statistical properties of the data used such as serial dependence 
or stochastic trends in time-series and little consideration has been paid to issues of model adequacy such as the 
possibility of omitted variables bias. Most studies assume that, if the regression coefficients are nominally 
individually or jointly significant and have the expected signs, and then an EKC relation exists. 
However, one of the main purposes of doing econometrics is to test which apparent relationships, or ‘‘stylized 
facts,’’ are valid and which are spurious correlations.[12] 
When we do take diagnostic statistics and specification tests into account and use appropriate techniques, we find 
that the EKC does not exist. Instead, we get a more realistic view of the effect of economic growth and 
technological changes on environmental quality. It seems that emissions of most pollutants and flows of waste are 
monotonically rising with income, though the ‘‘income elasticity’’ is less than one and is not a simple function of 
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income alone. Income-independent, time-related effects reduce environmental impacts in countries at all levels of 
income. The new (post-Brundtland) conventional wisdom that developing countries are ‘‘too poor to be green’’ is, 
itself, lacking in wisdom. In rapidly growing middle-income countries, however the scale effect, which increases 
pollution and other degradation, overwhelms the time effect. In wealthy countries, growth is slower, and pollution 
reduction efforts can overcome the scale effect. This is the origin of the apparent EKC effect. The econometric 
results are supported by recent evidence that, in fact, pollution problems are being addressed and remedied in 
developing economies. [12] 
Source: Nobuo Tanaka, CO2 emissions from fuel combustion». International Energy Agency, Edition 2010 
Fig.6. Environmental Kuznets curve for CO2 emissions for Algeria (1985-2010). 
3. Modeling Energy Demand 
The decision to consume energy involves three simultaneous choices – the choice to invest in capital stocks, the 
choice of a particular type of capital stocks, and the choice of a rate of capital utilization. These choices all lead to a 
desired amount of energy service, which is what motivated the choices in the first place. Note that this means there 
is an investment decision involved in the attainment of energy services. Accordingly, models that incorporate 
dynamic investment behavior are suited to capture both the short- and long run responses of energy demand to 
changes in economic variables. Static models that do not incorporate such behavior are nevertheless widely utilized, 
and they can be valuable in understanding full-adjustment variable response. In what follows, a static model of the 
firm and a dynamic model of the household are presented. In fact, the reader can verify that the cases not presented, 
that of the household in the static model and the firm in a dynamic model, are not too dissimilar from the problems 
that are presented herein, with the exception being that there is an obvious required change in terminology. We limit 
ourselves to the problems below in the interest of brevity. [12] 

4. The impact of CO2 emissions on the environment: “INCOME” 
Pioneered by Grossman and Krueger’s (1991, 1995) and Shafik and Bandyopadyay (1992), there is a voluminous 
literature on the “environmental Kuznets curve” (EKC) hypothesis. This hypothesis postulates an inverted U-shaped 
relationship between (logarithm of) levels of emissions of wastes per capita and (logarithm of) income per capita. 
That is, at low income levels, emissions are hypothesized to increase with income but at a slower pace; beyond a 
critical income level (i.e., the turning point) emissions are conjectured to decrease as income further increases. [13] 
If this hypothesis were true, it would suggest that countries might not need to make significant carbon dioxide (CO2) 
emission cuts envisaged by the Kyoto Protocol since economic growth will eventually lead to environmental 
improvement. 
An overview article by Dasgupta et al. (2002) presents three different views about the shape of the EKC 
conventional (the standard inverted U shape), pessimistic (the EKC will flatten or increase beyond the turning 
point), and optimistic (the turning point occurs at lower levels of income and pollution is lower at each level of 
economic development).
This work indicates that the optimistic view is the most likely due to increasing effectiveness of environmental 
regulation, greater public awareness of pollution 
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Unfortunately, empirical evidence in support of the EKC hypothesis and the optimistic view is very weak as soon as 
econometrics problems in early studies are taken into account.
Econometric criticisms of the EKC are generally divided into four groups’ heteroskedasticity, simultaneity, omitted 
variables bias, and co-integration issues.  Now the central question is not whether we should make emission cuts or 
not, but how much we should cut. The importance of this question is manifested in the disagreements at the 2009 
United Nations Climate Change Conference in Copenhagen (Müller 2010) and the 2010 State of the Union Address 
by United States President Barack Obama (State of the Union Address Library 2010). To answer this question, we 
need to study a reverse EKC. That is, we need to investigate how emissions and emission cuts affect income (not 
how income affects emissions as in the EKC studies). If the adverse impact of emission cuts on income is small, it 
may be sensible to make significant cuts, vice verse. 
We focus on the reverse EKC relationship for CO2 emissions due to its particular importance. CO2 emissions are 
believed to be the major driving force of global warming (IPCC 2007). 
We start by deriving an income-CO2 relationship based on a structural production function, which captures the idea 
that income/output depends on energy consumption and therefore CO2 emissions. 
Our structural model enables us to identify and include the relevant economic variables in our empirical regression 
model. We then use a similar methodology that Xiaobing Zhao (2011) employs. [13] 
4.1. Data and Methodology: 
4.2. Methodology: 
Income or output depends on energy consumption, which is directly related to CO2 emissions. Therefore, a natural 
way to model the impact of CO2   emissions on income is to use a production function. Specifically, we consider a 
Cobb-Douglas type production function: 
  	                                                          (1) 
Where;                                             Y:  Total income measured per capita/ or measured by real GDP. 
A:   productivity 
E:   Energy 
P:   Population 
 = share of production that remunerates E 
 = share of production that remunerates P 
+=1 
4.3. Complement on average productivity and marginal productivity: 
In the case of a function of Cobb-Douglas, the marginal productivity of the energy is equal to the first derivative of 
the average productivity of the population compared to the energetic intensity. 
  	(2) 
Y’E=



  
Where; Y’E is the marginal product of electricity 
For finding income per capita we divide the both equation by (P); 
Log (

) =  Log (

)
4.4. Empirical Results: 
DATA: We obtain macroeconomic data of Algeria from;   [14], [15] et [16] 
We estimate Equation (4) from 1990 to 2100. The coefficient (, ) estimates and are reported in Table.1. 
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Table.1. Impact of CO2 Emission on income                                                         Table.2. The marginal product of electricity 
         
4.5. The Production Function for sectoral approach in Algeria: [17], [18] 
Source: Nobuo Tanaka, CO2 emissions from fuel combustion». International Energy Agency, Edition 2010 
Fig.7. Linear E-Y function for Algerian sectoral approach between (1990-2100) 
Its slope is the marginal product of electricity. It is 0.001 PJ. And its intercept is Positive. This means that the 
marginal product of electricity is smaller than the average product of electricity. The average product of electricity is 
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Year  
1990 0,198 0,802 
1995 0,190 0,810 
2000 0,199 0,801 
2005 0,234 0,766 
2006 0,238 0,762 
2007 0,243 0,757 
2008 0,247 0,753 
2009 0,216 0,784 
2010 0,217 0,783 
2015 0,214 0,786 
2020 0,216 0,784 
2025 0,202 0,798 
2030 0,191 0,809 
2035 0,185 0,815 
2040 0,182 0,818 
2045 0,175 0,825 
2050 0,167 0,833 
2055 0,159 0,841 
2060 0,155 0,845 
2065 0,149 0,851 
2070 0,142 0,858 
2075 0,135 0,865 
2080 0,129 0,871 
2085 0,123 0,877 
2090 0,116 0,884 
2095 0,109 0,891 
2100 0,102 0,898 
Year The marginal product of electricity  
1990 0,000434387 
1995 0,000370306 
2000 0,000360143 
2005 0,00041472 
2006 0,000401022 
2007 0,000399121 
2008 0,000406919 
2009 0,000316834 
2010 0,000309516 
2015 0,000262937 
2020 0,000241874 
2025 0,000194102 
2030 0,000161145 
2035 0,000139899 
2040 0,000126679 
2045 0,000110372 
2050 9,56872E-05 
2055 8,26417E-05 
2060 7,43006E-05 
2065 6,61846E-05 
2070 5,82711E-05 
2075 5,09853E-05 
2080 4,51151E-05 
2085 4,00016E-05 
2090 3,53351E-05 
2095 3,0824E-05 
2100 2,68716E-05 
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showing a rising trend. 
There was a continuous gradual improvement of technical levels and production technology between 2008 and 
2020. When electricity consumption was lower than 1552 PJ (before year 2008), its marginal product of electricity 
was smaller than its average product of electricity based on the published product volume. This made the average 
product of electricity continuously fall when compared with the previous year. When electricity consumption was 
higher than 1552 PJ, its marginal product of electricity was smaller than its product of electricity. This made the 
product of electricity rise to a certain degree. 
5. Conclusion: 
By 2050, the demand for electricity will be almost twice as high as current demand, driven by rapid growth in 
population and income, by the continuing increase in the number of electrical devices used in homes and 
commercial buildings, and by the growth in electrically driven industrial processes. 

In this paper we study how CO2 emission output affect income. First we derive an income-CO2 relationship based 
on a structural production function, which is a natural way to model the relationship between income and CO2
emissions. We then use a similar methodology as Cobb-Douglas to estimate the income-CO2 relationship. Such an 
approach not only allows us to focus on the long-run relationship but also enables us to project the relationship 
between income and CO2 emissions for future years.  
Our main findings are as follows. Over the 1990-2100 period, for Algeria, the reverse EKC relationship between 
CO2 emissions and income is statistically and economically significant, to reduce emissions 50% below 1990 levels 
by 2100. 
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